During the transition from the mycelial to the yeast form of the dimorphic fungus Histoplasma capsulatum, RNA synthesis decreased to 26.7 % of the normal level for at least 4h. There was a decrease in total RNA on the first day of mycelial +yeast transition. Starting on the second day, RNA synthesis in the mycelial -+ yeast transition phase resumed and this event was paralleled by the emergence of bud-like constrictions on hyphal tips.
INTRODUCTION
At 25 "C the dimorphic fungus Histoplasma capsulatum grows as a multicellular filamentous organism producing characteristic micro-and macro-conidia ; at 37 "C it exists as a unicellular yeast-like organism (Emmons, Binford & Utz, 1970) . The saprobic form of the organism is mycelial and is found in nature, whereas the unicellular yeast-like form is the parasitic phase and is found in tissues during human and animal infection. Both morphologic forms can be cultured in vitro under controlled conditions. There have been several studies which have compared physiological or chemical characteristics of the two phases but none have attempted to characterize biochemical events during yeast to mycelial (Y -+ M) or mycelial to yeast (M + Y) transitions (Cino & Tewari, 1972; Gupta & Howard, 1971 ; Kobayashi & Guiliacci, 1967; Mahvi, 1965) . As a first step in the characterization of these morphogenetic processes, we have examined RNA metabolism of the yeast, mycelial and intermediate stages during the M + Y transition. (Downs) , from the permanent stock culture collection of this laboratory, was maintained in both the yeast and mycelial phases. The yeast cells were grown on 2 % (w/v) glucose, I % (w/v) yeast extract agar plates at 37 "C.
METHODS

Strain and medium. Histoplasma capsulatum
Before each experiment, 4-to 6-day-old yeast cells were suspended in Salvin's liquid medium (Salvin, 1950) for 48 h. The cells were harvested by centrifugation (600 g, 10 min) and cell number adjusted with fresh medium to approximately 1oS cells/ml. Mycelia were obtained by allowing the yeast cells to germinate and proliferate in Salvin's medium at 25 "C for 2 to 3 weeks with periodic shaking. The mycelia were transferred to fresh Salvin's medium 3 days before each experiment to provide metabolically active cells.
Measurement of total RNA. Heavy sugar contamination from cell wall material made the conventional orcinol reaction unusable. Instead, RNA was estimated by a modification of the Schmidt-Thannhauser procedure (Fleck & Munro, 1962) . Flasks each containing 50 ml
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of Salvin's medium were inoculated with actively growing yeast cells to a final density of 106 to 1.5 x 106 cellslml (total dry weight, 1.70 to 2-20 mg) or with 5 ml of concentrated mycelial inocula (average dry weight, 2.0 mg). The culture flasks were incubated at 37 "C (yeast and transitional mycelia) or 25 "C (mycelia) for I, 2, 3 or 4 days with occasional shaking each day; at the end of the growth period each culture was precipitated with 5 ml cold 50 % trichloroacetic acid (CC1,COOH). After they were filtered through glass-fibre discs (2-4cm7 Reeve Angel, New Jersey) and dried, the mycelial or yeast samples were hydrolysed in 2.5 ml r N-NaOH at 37 "C for I h. The absorbance of the supernatants was read at 260 nm in a Zeiss spectrophotometer; I unit of absorbance was taken as equal to 40 pg RNA/ml.
Incorporation of nucleic acid precursors. Sodium dodecyl sulphate (SDS), 10 % (w/v), was added to the pooled lysate to a final concentration of 0.1 %. RNA was extracted by mixing the lysate vigorously with 2 vol.
buffer-saturated phenol for 3 min at 50 "C. The aqueous phase was recovered by centrifugation at 3000 g for 15 min, and was re-extracted with I vol. buffer-saturated phenol.
The RNA was then recovered from the aqueous phase by precipitation with 2 vol. 95 % cold ethanol (-20 "C overnight).
The precipitate was centrifuged at 12000 g for 15 min. The resulting precipitate was dissolved in the electrophoresis buffer (tris, 36 mM; monosodium phosphate, 30 mM; disodium EDTA, I mM; 0.2 % SDS, pH 7.6). A sample of the RNA was fractionated in an 8 cm 1.8 % acrylamide:o-5 % agarose gel for 2+ h at 5 mA/gel. The gel was cut into 1-5 mm samples, the acrylamide dissolved, and the RNA counted in a liquid scintillation counter.
R E S U L T S
Increase in total RNA Starting with the same amount of inoculum of yeast and mycelia (2 mg dry weight), the increases in total RNA relative to the initial amounts of RNA over a 4-day period of period of growth the dry weights and total protein contents in the two phases increased at the same rate as the RNA. In the M + Y transitional phase there was a decrease in the RNA content for the first 32 h; then an increase in RNA was apparent after the next 48 h of incubation. The development of morphological events in the transitional mycelia closely followed the changes in RNA content because there were no morphological changes in the first 32 h; bud-like hyphal tip constrictions began to emerge after 48 h when the RNA content increased, and yeast-like cells appeared on these tips by 72 h.
RNA synthesis as measured by guanine incorporation New RNA synthesis in H. capsulatum was measured by the amount of radioactive guanine incorporated into the cells. By this method, the total RNA synthesized over an 8 h period was twelve times greater for mycelia than for the yeast cells (Fig. 2) .
Fractionation of the RNA on acrylamide gels (Fig. 3) showed that radioactive guanine was incorporated into the large ribosomal RNA molecules (25s and 18s) of both yeast Fig. 7 . Degradation of RNA by mycelia at 25 "C (a) and transitional mycelia at 37 "C (0) in H. cupsulutum. Mycelia were pre-incubated with Pwguanine for 4 h, then washed in Salvin's medium. The mycelia were incubated with proflavin (50 pglml) for 6 h; I ml samples were taken over this period. Radioactivity in the mycelia was counted and is expressed per ml of sample. 0 and mycelial phases; the gel pattern also showed that yeast and mycelial phases had indistinguishable ribosomal RNA patterns.
Yeast cells transferred from 37 "C to an incubation temperature suitable for mycelial growth (25 "C) continued to incorporate guanine at a constant but slower rate (Fig. 4) . On the other hand, when mycelia growing at 25 "C were transferred to 37 "C, the optimum temperature for yeast growth, they continued to incorporate guanine for about 2 h, after which time there was an abrupt cessation of apparent net RNA synthesis; this state persisted for at least 4 h (Fig. 5) . During this time, when cells were pulse labelled with [3H]-guanine, it was obvious that RNA synthesis in the transitional phase proceeded at a slower rate than in the mycelial phase (Fig. 6) . When these mycelia in transition were incubated with proflavin (50 ,ug/ml), which inhibited new RNA synthesis in the fungi, RNA degradation occurred at a rate similar to that of mycelia incubated at 25 "C (Fig. 7) . We have studied RNA metabolism in actively growing yeast phase, mycelial phase and M + Y transitional forms of H . capsulatum. RNA synthesis in these cells can be measured by the direct determination of RNA, or by incorporation of radioactive substrates. In H . capsulatum, both of these methods have inherent problems. First, the heavy sugar contamination from cell wall material disqualified the use of the orcinol reaction. Second, radioisotope experiments have been very difficult to perform with H . capsulatum because few precursors tested were incorporated ; other workers have encountered similar difficulty (R. Tewari, personal communication). Even for guanine utilization, the specific activity of RNA formed by actively growing yeast was much lower than that formed in mycelia (Fig. 2) , so that the uptake of this metabolite differs for the two growing states. Thus, the increase of labelled RNA in both the yeast and mycelial phase (Fig. 2) was consistent with the absolute increase in RNA (Fig. I) , but the low labelling rate in the yeast phase meant that the absolute determination was a better measure of net RNA increase. In the M + Y transition phase, the low labelling rate was in agreement with the absolute determination. Therefore, during the initial stages of the M -+ Y transition, RNA synthesis decreased to a low level but RNA catabolism continued at a constant level. This resulted in a cessation of net RNA synthesis (Fig. 5) . Acrylamide gel electrophoresis of the RNA of the yeast and mycelial phase did not reveal any differences, but this does not rule out differences in the RNA or modification of ribosomal RNA which do not affect migration in the gels. The morphological changes during the M + Y transition seem to be correlated with changes in RNA metabolism. When mycelia were placed at 37 "C, a sufficient trigger for the transition, net RNA synthesis stopped. After the lag, there was a resumption of RNA synthesis and this was paralleled by the emergence of yeast-like structures in the transforming cells. The mechanism of the sudden decrease in RNA synthesis during the M --j. Y conversion at 37 "C is unknown but one hypothesis we are currently studying is whether it is based on a temperature-dependent change of the RNA polymerases.
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